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make the never true assumption that the friction of the atmosphere were absent. Yet in all the mechanical actions which are even more familiar to the engineer, such as the interaction of solid machine-parts, see what even more wholesale assumptions have to be made, in order to weed out the non-mechanical phenomena of friction and impact and get a glimpse of the pure mechanics behind them! It is scarcely worth while to try. And yet it is none the less true that there is never a hammer-head, piston or shuttle started into motion that it does not try to follow an elliptic orbit about the earth's center; from which it is constrained only by constant supplies of energy from without, in the form of solid forces not dependent upon the masses transmitting them, which forces and energies are called "transient."
For taking the time to study and understand these free or natural tendencies of mass, which get so little chance to display themselves here upon the earth's surface, there are two reasons. One of these reasons is the fact that they constitute the only true mechanics, from which all engineering happenings are but special departures and for which only approximate statements can be made. It is therefore the soul of true education to teach these exact truths first, displaying their useful applications afterward in their proper aspect.
The other reason is that no concept of heat as a mechanical phenomenon can possibly be attained without them; for in the mechanical interaction between the particles of a body, by which we must now attempt to explain not only heat, but surely also chemical action and probably also electrical and magnetic energies, there can enter no friction nor impact. The action must be purely mechanical. There can be no dissipation or degradation of energy into heat, because it is heat itself which is being considered. Nor, as stated in the last paper, is it any explanation of the puzzle to specify that the particles shall be perfectly elastic; because perfectly elastic matter is unknown in nature. It is only space, devoid of solid contact, which is perfectly elastic in nature; and the first task in the comprehension of heat, therefore, is to comprehend thoroughly this "free" department of natural action, in which friction and impact are unknown and unimaginable.
The task of the theorist, in fact, is not so much to explain action at a distance in terms of action by contact, as 'is so often